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Abstract. Obesity is defined as a condition in which an individual has an excess of body fat and it is accumulated to the 
extent that it can lead to numerous health problems and decreases the quality and length of life. Overall, the contributing 
factor to obesity varies. Lack of physical activity and increased sedentary behaviour has been identified as the causes of 
weight gain and various health implications including obesity. Rapid development in industrialization and urbanization 
has brought Malaysia to be the next millennium country in the world, and this causes changes in the country’s 
socioeconomic, especially the lifestyles of Malaysians. In conjunction with this, the aim of this paper is to simulate the 
changes in physical activities and to highlight its implication on body weight and prevalence of overweight and obesity in 
a Malaysian adult population. This study combines different strands of knowledge consisting of nutrition, physical activity 
and body metabolism, and these elements have been synthesised into a system dynamics model called SIMULObese. The 
development of this model has considered the interrelations between those various strands in one multifaceted human 
weight regulation system. Findings from this study revealed that Malaysian adults perform less physical activity and this 
has resulted in weight gain and increase in prevalence of overweight and obesity. Therefore, findings from this study bring 
the important message to various parties such as practitioners, researchers, educators and publics about the importance of 
focusing on combinations of intensity, frequency and duration of moderate-vigorous activity for adult obesity control in 
Malaysia. 
Keywords: obesity, physical activity, system dynamics, SIMULObese, moderate-vigorous activity 
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INTRODUCTION 
Obesity is a condition in which an individual has developed excessive body fat and it is accumulated to the 
extent that it can lead to numerous health problems and decreases the quality and length of life [1].  Evidence 
shows that obesity is linked to the incidence of various diseases such as cardiovascular diseases, diabetes, and 
some cancers as well as social and psychological problems [2,3,1]. In Malaysia, obesity statistics obtained from 
the National Health and Morbidity Survey 2006 revealed that 43% of Malaysians’ adult were obese or overweight 
[4]. The Malaysian Ministry of Health itself is concerned about the health effects, productivity and the health care 
cost implications of the obesity epidemic.  Thus, realizing the seriousness of the obesity issue in Malaysia, it calls 
for immediate actions to combat the problem. The issue is stark: how to control and prevent obesity at the 
population level?  The obesity problem is usually triggered by a combination of contributing factors such as 
environmental, genetic, lifestyle and behaviour [5,1]. In relation to physical activity, rapid development in 
industrialization and urbanization has brought Malaysia to be the next millennium country in the world, and this 
causes changes in the country’s socioeconomic, especially the lifestyles of Malaysians. Numerous studies have 
suggested that the best way for obesity prevention targeted at the population is from behavioural perspective and 
changing to a healthy lifestyle has a significant impact on weight and obesity solution [5,1].  
In conjunction with this, the objective of this study is to develop a system dynamics (SD) model called 
SIMULObese to develop understanding of the dynamic behaviour related to obesity. Once the dynamic 
symptoms of obesity were recognized, the SIMULObese model will be used to conduct various experimental 
scenarios to identify the best moderate to vigorous (MVG) activity strategy to reverse the average weight (AW), 
average body mass index (ABMI) and prevalence of overweight and obesity (POVB) trends.  
The rest of the paper is organized as follows: the review of literatures on PA behaviour on weight and obesity 
impact including the SD study on obesity are presented in the following section. The methodology for this study 
and the research findings are also discussed. Finally, the conclusion of the study including the limitations and 
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REVIEW OF LITERATURE  
 
 
Evidence on Physical Activity Impact on Weight and Obesity Influence 
 
 
It is well-acknowledge in the literature that PA is one of the responsible factors in obesity. The fundamental issue 
about obesity highlighted that individuals were consuming more calories than burning them [1]. On the energy 
expenditure aspect, an increase in physical inactivity due to the increasingly sedentary nature of many forms of 
work, changing modes of transportation and increasing urbanization has an indirect effect on weight and obesity. 
A number of studies have been conducted to investigate the association between the influence of PA on weight 
and obesity impact. For instance, Thorogood et al. [6] conducted a systematic review and meta-analysis to 
evaluate the efficacy of aerobic exercise programs in overweight and obese populations. The conclusion from this 
systematic review revealed that moderate-intensity aerobic exercise programs of six to twelve months induce a 
modest reduction in weight and waist circumference in overweight and obese populations. Meanwhile, Lee et al. 
[7] examined the association between different amounts of PA with long-term weight changes among women 
who consume normal diet.  Finding from this study discovered that women who are successful in maintaining 
their normal weight and gaining less than 2.3 kg over thirteen years, averaged approximately sixty minutes a day 
of moderate-intensity activity [7]. Subsequently, Shaw et al. [8] conducted clinical trials to find evidence that 
exercise as a means of achieving weight loss for people with overweight or obesity problem. The result of this 








There have been several outstanding studies on obesity which employed the SD approach. The work of Abdel-
Hamid [9,10] assessed the factors of dietary intake and exercise and how these components interact to determine 
adult body weight and body composition. Specifically, the main focus of this work is to examine the impact of the 
intensity levels of exercises on the amount and composition of weight loss. In 2004, Homer and colleagues 
modelled the impact of caloric imbalance on the changes in body weight and BMI of the adult population in the 
USA [11]. Flatt has also applied the SD model to explore obesity conditions from a nutritional perspective [12]. 
Homer et al.’s employed SD approach to model obesity trends by understanding how caloric imbalance affects 
the BMI of various ages-range categories in the population [13]. However, SD obesity model by Dangerfield and 
Zainal [14,15,16] and Abidin [17] is slightly different, the model focuses on measuring children’s total energy 




SYSTEM DYNAMICS METHODOLOGY 
 
 
SD methodology was first created in the 1950s and it is pioneered by Professor Jay Forrester from the 
Massachusetts Institute of Technology [18]. SD is a strategic level’s decision making tool which was initially 
used to help corporate managers to improve their understanding of the industrial processes. Nowadays, SD is 
being used in various fields of applications such as economic, financial, education, and healthcare. Theoretically, 
it is an approach to study the changes in behaviour of complex systems over time. The benefits of SD are the 
complexities and dynamics of the obesity system which contains the tangible and intangible factors that are 
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The Modeling Process and Model Calibration 
 
 
The SD modelling process comprises of the five stages is illustrated in FIGURE 1. In the first stage, the obesity 
problem is deepened by identifying the issue; concerning on time horizon, scope and boundary of the model. The 
second stage is the process of sketching and developing a diagram called the sub-system diagram (as shown in 
FIGURE 2). This process is done through the inclusion of the main interaction and feedback loops that could 
explain the problematic behaviour. The third stage is the development of obesity model called SIMULObese 
using SD VensimTM software. The process continues with testing procedure where both structures and behaviour 
are validated as suggested by [20], [21] and [19]. Once the model has developed confidence on both structures 
and behaviour, the process continues with various scenarios experimentations to identify the most effective MVG 
activity strategies to reverse the AW, ABMI and POVB trends.  The modelling process is highly iterative as the 
process will be repeated continuously (as shown in arrow line in FIGURE 1) until the adequate policies to 
alleviate the problem are identified. Both quantitative and qualitative analyses were used in the development 
process. The qualitative analysis aims to develop understandings of obesity process and the quantitative analysis 




FIGURE 1. The SD of obesity modelling process  
 
  
The SIMULObese model used in this study is executed to include data from 1996 to 2020. The data used for this 
study is obtained from the National Health and Morbidity Survey reports, literatures and expert opinion. The 
model needs to be calibrated before experiments can be conducted.  In public health, research model calibration 
procedures involve the use of literature data, simple calculations and judgmental estimation [19,22]. Data from 
literature refers to the use of parameter values obtained from relevant publications [9,10,11,23] as well as human 
physiology texts. The second approach involves simple calculations and relates to the use of simple statistical 
estimations of numerical data. The final approach is judgmental estimation. This form of estimation is done by 
guessing a value for a parameter and then running the model repeatedly with a range of such trial values until a 
match is found between the real and observed behavioural patterns. 
 
 
The Sub-Sector of Obesity Diagram 
 
FIGURE 2 illustrates the sub-sector diagram used to explain the overall obesity process. In this study, the 
interactions between energy intake (EI), energy expenditure (EE) and energy balance (EB) are explored. 
Theoretically, EB is the difference between EI and EE. Weight gain is the result from EI being greater than EE, 
EE less than EI or both actions occur. In simple term, weight gain is caused by consuming more energy than 
using the energy. The result is weight loss if EI is less than the energy expended [24]. Although obesity can also 
be associated with an increase in food intake and lack of PA, the approach used in this research is based on the 





















Qualitative analysis Quantitative analysis 
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FIGURE 2. The sub-sector of obesity diagram on the interrelation among the four sectors in human weight regulation system 
(Note: FDI=frequency, duration and intensity, BMI=body mass index) 
 
 
Since SD emphasized in the feedback process, the framework in FIGURE 2 is extended by using causal loop 
(CL) diagram (see FIGURE 3) for further feedback explanation on how interrelated factors affect each other. 
Generally, a CL diagram is connected through a set of variables in a linked path. The two types of CL are 
balancing loop (indicated by B symbol) and reinforcing loop (indicated by R symbol) that serve to stabilize and 
destabilize the system. CL links are denoted via positive (‘+’) or ‘negative (‘-‘) symbol. A + sign on the 
arrowhead indicates that the head variable is influenced by the changes in the tail variable or constantly in the 
same direction (up or down). Meanwhile, a – sign reflects that the head variable is affected in the opposite 
direction to the change in the tail variable or constant [19]. 
The basic structure for the overall obesity process shown in FIGURE 3 has a unique insight into feedback 
explanation, considering the EI, EE, EB, weight and BMI. An increase in the amount of EI; either from fast food, 
outside or home meals resulted in an increase of total EI and EB. As a contradiction, increasing the amount of 
energy burning through EE from basal metabolism rate (BMR), thermic effect of food (TEF) and PA resulted in a 
decrease in EB. Energy expended from PA is triggered by any movement of the body produced by skeletal 
muscles [26].  
In the model, PA components are directly correlated to mode, duration, frequency and intensity [27]. Mode 
refers to the type of activity and the activity is divided into sedentary, light and moderate to vigorous (MVG) 
[26]. The second element, which is the duration refers to the time spent in PA. A longer time spent in PA will 
contribute to an increase in TEE. Frequency relates to how many days per week, for example, a person performs 
an activity. The more frequently PA is carried out, the more energy is burned in total [27]. The last element refers 
to the extent of the activity being carried out.  A more intense activity will burn a greater amount of energy. The 
metabolic equivalence (known as MET) is a term used to describe the amount of intensity-related energy 
consumption and 1 MET is equal to 3.5 mlO2. kg-1. min-1 [28]. The harder the activity is, the larger the MET 
value and the more energy needed to perform the activity. Intensity can also be divided into sedentary, light, 
moderate or vigorous where intensity for sedentary varies from 1-1.5 MET, light from 1.6-2.9 MET, moderate 
from 3-6 MET and vigorous is above 6 MET [29,30]. 
Average daily EB is calculated from the difference of daily EI and EE and is measured by using calories per 
day unit. Since EB is the difference between both EI and EE, changes in any of these energy will affect changes 
in EB. The overall obesity mechanism discussed from EB and how it goes through the average weight and BMR 
are described and marked with balancing loop symbol. A daily positive EB is stored in muscle or fat. An 
increased body weight itself, however, causes higher EE, specific energy from the BMR. An increase in BMR 
energy causes an increase in total EE, which tends to bring EB back to zero. This balancing loop causes weight to 
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reach a new EB in the long run in order to adjust for any changes occurs in EI or PA energies. Equivalence 
between EI and EE (equilibrium in EB) will ensure no weight change. The entire process is time-consuming and 
it can take can take years to reflect the changes in the average weight in the population. The model is calibrated in 
years and the changes in daily EB and weight variability are smoothed out to result in a less drastic average 
weight change in a year. However, since eating and performing PA is a daily process, the model additionally 
computes EI and EE in daily units in order to boost understanding and to reflect common health nomenclature. 
The measurement of weight and BMI have direct links and are measured using the formulae of weight divided by 






































































The four experiments are called strategy PA1, PA2, PA3 and PA4 are shown in TABLE (1).  The experiments 
were conducted to identify the most effective strategy to reverse the measurement trends through improvement 
made in MVG activity. The effectiveness of the strategy is measured from the three scale measurement of AW, 
ABMI and POVB. The highest reduction in this measurement is considered as the most effective solution. In 
these experiments, other variables are maintained in the base case model except for MVG parameters. All the 
experiment scenarios are made up to 50% change for standard comparison.   
Changes in MVG parameters are assumed to commence in 2013. The aim of the intervention is to encourage 
future generations of the adult population to adopt a healthy lifestyle and consequently improve their health in 
general. Alterations made in eating and the MVG parameters work by decreasing the amount of EI and increasing 
both PA energy and total EE. Changes which occur in both EI and EE resulted in changes in EB. The greater the 




The base case model shows the duration and frequency of MVG trends which decreases between 1996 and 2020.  
However, along the time; the AW, ABMI and POVB trends increases. TABLE (1) depicts the comparison result 
from the four experiment strategies focus on increasing the duration, frequency, intensity and combination of 
MVG parameters.  Findings from the experiments revealed that a combination of elements is the best strategy as 
suggested by Cooper and WHO [10, 30] since it attained the highest reduction in AW, ABMI and POVB as a 
whole rather than increasing only in intensity, frequency and duration. Overall, the percentage of change in 
POVB for 24 years (1996-2020) derived from frequency, duration, intensity and combination strategies are 
18.6%, 18.3%, 19.9% and 20.5% respectively. 
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TABLE (1).  The comparison effect of four intervention strategies for the changes in AW, BMI and POVB for two years; 
1996 and 2020 (Note: BC=base case; PA= PA Intervention strategy, EXP=experiment) 
 
Strategy  Description  
Initial V






fter Exp (2020) 
 
Year 












































3 1. 1.6 1.2 57 74.01 73.63 21.45 27.19 27.05 26.5 46.83 46.39 
3rd 
RANK 
























5.5 8.5 8.5 57 74.01 72.97 21.45 27.19 26.81 26.5 46.83 45.64 
2nd 
RANK 














The SIMULObese dynamic model was successfully developed by combining the different strands of knowledge 
derived from nutritional, PA and body metabolism, and these elements have been synthesised into an SD model 
in one multifaceted human weight regulation system. The model revealed that Malaysian adults perform a less 
MVG activity measured from all aspects of frequency, duration and intensity. The decrease in MVG activity 
trends along the time has caused the Malaysian population to shift into sedentary behaviour.  By looking at the 
shifting behaviour and the higher food consumption rate simultaneously, an increase in the measurements of AW, 
ABMI and POVB trends between 1996 and 2020 was detected.  Findings from the model also discovered that a 
combination of intervention is the most effective strategy followed by intensity, duration and frequency alone. As 
a summary, findings from this study deliver an important message to educators, practitioners, researchers and 
publics about the importance of planning and designing the weight and obesity control method.  The program 
should focus on a combination of intensity, frequency and duration directions to achieve a greater and effective 
impact. Adopting a healthier lifestyle is not only beneficial to weight and obesity control but also reduce the 
chance of getting complicated diseases such as type II diabetes and hypertension. 
 
 
LIMITATION AND FUTURE WORKS  
 
 
The main limitation of this research is the lack of data especially from PA and nutrition. Currently, this research 
is mostly based on the collected data from literature reviews and the input obtained from nutritional and health 
experts. Apart from the limitation, this research has two potential opportunities for future improvement. Since this 
research is still an on-going process and the model is executed with limited testing, we aim to collect more PA 
data and to validate the model with PA experts in order to improve and to build greater confidence of the model’s 
result. Subsequently, since the simulated result shows less impact on the measurement changes through MVG 
activity improvement, we aim to investigate the effect of sedentary and eating behaviour changes which might 
offer a better solution. 
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